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INTRODUCTION

The interaction and influence of one gene upon another is one of the methods

employed in the study of gene action. The influence on the Dichaete gene can be

readily measured, for this gene removes the bristles in the region of the presutural
bristles. Thus, a bristle is either present or absent, and the quantitative effect can

be accurately determined. Various mutations were brought into combination with

the Dichaete gene, and the effect on the number of bristles was recorded.

Gene action has been analyzed by studying the effects of different dosages
of mutant genes upon the phenotype (Stern, 1929, 1943; Schultz, 1935). Another
method is to prolong larval life by means of low temperatures, genes or starvation

(Green and Oliver, 1940; Green, 1946; Dunn and Coyne, 1935). High tem-

peratures, which shorten larval life, cause a decrease in the number of bristles in

the mutant Dichaete (Plunkett, 1926), and alter the phenotype in other Drosophila
mutants (Stanley, 1931; Child, 1935; Harnly, 1936). Neel (1941) and Sparrow
and Reed (1940) reported on the interaction of mutants that affect the chaetae of

D. melanogastcr. Stone (1947) used the effect of several mutants on Dichaete

in an attempt to discover whether differences existed in reciprocal crosses.

An attempt was made to find a relationship, if one existed, between the number
of bristles of the Dichaete mutant and the following mutations: Bar (B), black

Curly (Cy), eosin (w e
), eyeless (cy), heldout (ho}, Lobe 2

(L
2

), vestigial

white (xc
1

), and yellow (y). The above mutants were picked for two reasons: one

is that they were not in the third chromosomes, and that the mutations by them-

selves had no apparent effect on the thoracic bristles.

METHODS

The Dichaete gene and the above mutant genes were placed in a common genetic

background by the following method. The highly inbred Dichaete stock (inbred

brother and sister for nine generations) was crossed to the mutants and then

the mutants were extracted. This procedure was repeated eleven times for each

mutant, and according to the formula developed by Bartlett and Haldane (1935)
about 14 to 18 units on either side of the mutant gene remained heterozygous.

Plunkett (1926) reported that the bristle number of Dichaete flies was influ-

enced by poor food conditions, high temperatures and crowding. Since the en-

vironment has a definite effect on bristle number, all matings were made under

uniform conditions. The flies were raised at 24 C., and the same amount of
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cornmeal-agar formula was used in each one-half pint bottle. Pair matings were

used, and the parents were removed at the end of four days.

Bristles were counted on the right side of the scutellum, mesonotum, and on the

right humerus. There are a total of twenty-six thoracic bristles, and the bristle

count of the right half of the wild fly was then thirteen. The mean bristle count

for the Dichaete stock was 10.634 '0.306 ($$) and 10.789 0.147 (<?<?). The

presutural, anterior supra-alars, and anterior dorsocentrals were the bristles that

were usually missing in the Dichaete stock.

TABLE I

Genotype
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istence of the above diffusion hypothesis in scute, but in counting the bristles of

Dichaete flies and Dichaete-mutant combinations it was evident that a gradient
existed. In flies with 12 bristles on the right side, it was always the presutural
bristle that was missing. In the D/+ Cy/+ combination, the bristles anterior

notbpleural, anterior supra-alars, anterior dorsocentral, and upper numerals were

the bristles that were usually missing. There was a gradient present in the

direction of the anterior supra-alar bristle. It is possible that the bristle-removing
substance produced by the Dichaete gene is different from that found in scute,

although they both remove bristles.

The Dichaete gene evidently produces substances directly or indirectly that

destroy or inhibit the bristles. Now this system is disrupted by high tempera-
tures which evidently speed up a reaction or reactions which produce more bristle-

destroying or inhibiting substance, and thus a fly with fewer bristles is the result.

The above system of removing or limiting the number of bristles is thrown out

of balance by poor food conditions and low temperatures which evidently slow

down the reactions and permit the bristle-destroying catalyst or bristle-inhibiting

substance to act for a longer time, again producing flies with fewer bristles.

One encounters some 'difficulty in using the above scheme in explaining the

effect of genes upon the Dichaete bristle system that neither increases nor decreases

the life cycle of the flies. The Cy gene reduces the number of bristles in a

Dichaete fly, and yet it neither speeds up nor slows down the length of time the

individual insect spends in egg, larval, or pupal stages. Evidently the Cy gene

produces in some way a larger amount of the bristle-destroying or inhibiting sub-

stances or may cause these substances to begin reacting earlier and to last longer.

The Curly gene turns the tips of the wings upward, and is a small inversion in

the- second chromosome. D is also a result of an inversion, and besides removing
bristles also spreads the wings apart at a 45 angle. This may be a coincidence,

or there may be a relationship between wing mechanism and bristle formation.

The presence of genetic modifiers in the Cy inversion has to be considered. How-
ever, the method of inbreeding and selection would result in the Cy flies all having
the same chromosome rearrangement. If the Cy flies used contained different

genetic modifiers, the D/+ Cy/+ flies would have a greater standard deviation

of the mean (would be more variable) than the D/+ flies. This difference is

not significant (Table I).

The vg and ho genes are wing mutants, and they increase the length of time

spent in the larval stage. One would expect a low bristle number according to

Plunkett's hypothesis (1926), but that is not the case (Table I). It may be the

interruption of the wing forming mechanism that influences the removal of bristles

by the Dichaete bristle destroying substance. There appear to be several unrelated

factors which can cause a variation in the number of bristles reduced by the

Dichaete gene. Thus, the brjstle destroying substance does not act simply upon
a bristle forming substance. One cannot say that a substance A produces B
which is a precursor of a bristle destroying substance C which acts upon a sub-

stance D which in turn produces bristles. There are probably more than three

substances in the chain, and there is evidence, because of diverse environmental

and genetic modifiers, that numerous side chain reactions exist that influence the

step by step production of the bristle destroying or inhibiting substance. It is
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a complex process in that these variable factors may work at different times or

several together at various times. Temperature, food conditions, other seem-

ingly unrelated genes, and chromosome arrangements play an important role in

the action of the Dichaete gene.

SUMMARY

A highly inbred Dichaete (D) stock of D. melanogaster was crossed to isogenic

stocks carrying various mutations, which by themselves had no apparent effect

upon thoracic bristles. The Curly gene (Cy) in combination with D decreased the

average number of one half the thoracic bristles from 10.634 0.306(5?) to

8.724 0.742. The Cy gene is an inversion on the second chromosome, and it

aids the D gene, which is on the third, in the removal of a larger number of bristles.

Vestigial (vg) and heldout (ho] increase the bristle number to 11.520 0.521

and 12.818 0.149 respectively. Vg and ho increase the larval life, and disrupt

the production of a wild type wing.

LITERATURE CITED

BARTLETT, M. S., AND J. B. S. HALDAXE, 1935. The theory of inbreeding with forced hetero-

zygosis. Jour. Genet., 31 : 327-340.

CHILD, G. P., 1935. Phenogenetic studies on scute- 1 of Drosophila melanogaster. I. The asso-

ciation between bristles and effects of genetic modifiers and temperature. Genetics, 20 :

109-126.

DUNN, L. C, AND J. COYNE, 1935. The relationship between effects of certain mutations on

developmental rate and on adult characters. Biol. Zentrabl., 55 : 385-389.

GREEN, M. M., AND C. P. OLIVER, 1940. The action of certain mutants upon the penetrance of

heterozygous vestigial wing in Drosophila melanogaster. Genetics, 25 : 584-592.

GREEN, M. M., 1946. A study in gene action using different dosages and alleles of vestigial in

Drosophila melanogaster. Genetics. 31 : 1-20.

HARNLY, M. H., 1936. The temperature-effective periods and growth curves for length and

area of the vestigial wings of Drosophila melanogaster. Genetics, 21 : 84-103.

NEEL, J. V., 1941. Studies on the interaction of mutations affecting chaetae of Drosophila

melanogaster. I. The interaction of hairy, polychaetoid and hairy wing. Genetics,

26 : 52-68.

PLUNKETT, C. R., 1926. The interaction of genetic and environmental factors in development.

Jour. E.rp. Zoo!.. 46: 181-244.

SCHULTZ, J., 1935. Aspects of the relation between genes and development in Drosophila.

Amcr. Nat., 69: 30-54.

SPARROW,A. H., AND S. C. REED, 1940. The extra-bristle complex in Drosophila melanogaster

and its reaction with scute 8. Jour. Genet., 39: 411-435.

STANLEY, W. F., 1931. The effect of temperature on vestigial wing in Drosophila melanogaster,

with temperature-effective periods. Physiol. Zoo/., 4: 394-408.

STERN, C., 1929. Ueber die additive Wirkung multipler alle. Biol. Zbl, 49 : 261-290.

STERN, C., 1943. Genie action as studied by means of effects of different doses and combinations

of alleles. Genetics, 28 : 441-475.

STONE, F. L., 1947. The problem of differences in reciprocal crosses of Drosophila. Biol.

Bull., 93: 102-111.


